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3-Acetyl-4 ,4-dirnethyl-l ,2-dioxetane (~~
) was prepared by the base-catalyzed re-

arrangement of 4_bromo_3_hydroxy-3 ,5,5-trimethyl-l ,2-diOXO lafle (
~~
). Thermal de-

composition of dioxetane ~ to acetone and methy lglyoxal 
proceeds with an activa-

tion energy of 26.0±1 kcat/mol and a log A of 14.2. The enthalpy of activation
a5id entropy of activation were determined to be 25.5~l.0 kcal/mol and 4.0+2 eu ,
respectively. The total yi eld of excited states produced in the thermal decompo-
sition was d~’termined 1 17±3%. Both excited state acetone and excited state
methyiglyoxal were det€ r.tc~. The excited state rnulti p licities and yields are:
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20. •-~b5tract (continued )

Acetone triplet 0.45±0.20%, methylglyoxal singlet l .6~0.5% , and methyiglyoxal
triplet 15±3%. No singlet excited state acetone was detected. We suggest that
the observed excited state yields and the low triplet to singlet excited state
methylglyoxa l ratio can best be rationalized in terms of the energetics of a
stepwise biradIca l decomposition of the dioxetane
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3-Acetyl-4,4-dimethyl-1 ,2-dioxetane (,~) was prepared by the base-

catalyzed rearrangement of 4-bromo-3-hydroxy-3,5,5-trimethyl-l ,2-dioxolane

• (~~
). Therma l decomposition of dioxetane to acetone and methyi glyoxal

proceeds with an activation ener9y of 26.0 ± 1 kcal/mol and a log A of 14.2.

The enthal py of activation and entrooy of activation were determined to be

25 .5 ± 1.0 kcal /mol and 4.0 ± 2 eu respectively. The total yield of

excited states produced in the therma l decomposition was determined to be

17 ± 3~ . Both exc i ted state acetone and excited state meth ylglyoxal were

• detected. The excited state mu ltiplicities and yield s are : acetone

triplet 0.45 ± 0.20%, rnethy l glyoxal sincilet 1 .6 ± 0.5%, an d methylglyoxal

triplet 15 ± 3%. No singlet excited state acetone was detected. We

suqQest tha t the observed excited state yields and the low triplet to

sin glet excited state methylqlyoxa l ratio can best be rationalize d in

terms of the enerqetics of a stepwise biradical decomposition of the

di oxetane
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3

lre requisite to the logical design of eff ic ient chemi luminescent

systems is the detailed knowledge of the fundamental excitation steps

in known chemi luminescent processes . The study of the unimolecu lar

thermal decomposition of 1 ,2-dioxetanes , subsequent to the isolat ion

and characterization of the fi rs t dioxetane in l969,~ has provided

considerable insight into the chemistry of this rinq system. Primary

emphasis in the study of the exci tat io n process in l4 2-dioxetanes has
I been given to the determination of those factors (energetic , geometric ,

• Franck-Condon ) which control the total exci ted state yield and the ratio

of triplet to sing let excited state products . Any postulated excitation

mechanism must account for the relat ively hig h ac t i va t i on  energ ies , the

eff icient production of~n~~ excited sta te carbonyl containing products ,

and the high triplet to singlet excited state ratios observed for

nearly all alkyl or pheny l substi tuted l~ 2-dioxetane thermal deco rnpositions .4’

The behavior of 1 ,2-dioxe tanes along the reaction coordinate leading / •

~~

to excited state product has been a matte r of considerable debate between

proponents of a concerted decompos ition 9 and those favoring format ion of

an intermediate biradical . Recently , experimental evidence has accumulated

in favor of the exci tat ion mec hanism involving initial cleavage of the

oxygen -oxygen bond to form a 1,4-biradica l which then partit ions between

• exci ted and ground state carbonyl contain ing products. The evidence supporting

this mechanism includes act ivat ion parameters and thermochemical data for

variously substi tuted dioxetanes 1° as well as the absence of a measurabl e

• secondary deuteri um isotope effect in the therma l deco mposition of trans-

3 ,4-d iphenyl- l ,2-dioxe ta ne .~~ This latter observation clear ly demonstrates

• that the hybridization of the ring carbo ns is not changing during the

3
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rat e determ ininq Step of this react ion. In • dd it io n . diffe rential

quenching exper iments have been interpre ted to be consistent with a

l,4- b i rad ic a l  intermediate on V ie path to e lectronica l l y excited

state products. The detai led ab init io GV [ 3- C I ca lcj la t ions of

Goddard and  Hard ng’3 also concur with a biradical decom position pathway

for dioxetane in which the ground state of d ioxetane crosses three

triplet states on opening to the trans or gauche bi radical .
P.”

The suggestion that the nature of the exc i ted state of the product

(n r * vs T~~~, the amount of charge transfer character , the relat ive

• energies , e t c • )  influences the t ransi t ion s ta te  and thereby the

partit ioning of electronic energy and the triplet to singlet exc i ted

state rat ios in l,2-dioxet a ne decomposit ions has recently appeared.

For example , charge transfe r interact ions ’4 in the excited sta te p roducts

have been suggested to account for the hi gh singlet yields from p-dimethyl

amino substituted 1 ,6-diary1-2~5 ,7,8-tetraoxabicyclo[4.2.0]octanes .15

In addi tion , the formation of n;:~ excited states has been suggested to

be kinetically preferred in the therma l decomposition of the dioxetanes

la-p studied by Zimmerman , et al ’6 The ef f ic iency for generation of

/O
\~~l *3

~~~~~Ph P~~~~Ph 

+ 

R2~~~~ R1

(a)  
~ 

= Me , R2 P’ i ( d)  R 1 = Bu , R2 = Ph

( h )  R 1 
= r~ . R . ;

~- Me~ Ph (e ) R 1 = Me

( - , ~ 
= -N ip h

-•
-
~~~t~~i~~~• 3~ - — _-___ .~~~__.•__,,,, •• , - - • • -



the Jienone triplet from the therma l decomposition of ~~~ was found to

be independent of the identity of the second carbony l fragment even

though the energy of the ~rii~~ triplet cf the 2-ace tonaphthone (59 kcal/ rnol)

f rom l~, is lower than the energy of the ri; * t r iplet of the dienone (69

kca l/ mo l) .  Howeve r, no attempt was made to detect 2 -acetonaphtho ne

excited states . The n~~ nature of the dienone triplet was suggested as
I ,~ the c r i t i ca l  cont ro l l inq factor in the regio~pecif ic ity and efficiency

• of exc i ted state generation .

One could potentially learn a great deal about the effect product excited

state energies nave on the transition state . the total yield of excited states

and the tr iplet to singlet  exci ted state rat ios through the investigati on

of dioxetane decompositi ons in which the two n * exc ited states produced

in the fragmentati on differ energetically, chem ically, and s pec trally .

Though several dissymmetr ic d ioxet anes have been prepa red and studied lOa ,lOb ,17

none have been invest i ga teu in suff ic ient quanti tat ive detail to exami ne

• the partitioning of the exc itation energy between the di fferent fragment

• species. We report here the exc i ted state yields and multip licities from

• the thermal decompos ition of the dissymmetric 3—acetyl-4 ,4-dimethyl-l ,2-

dioxetane (p) .

1 . Pre para ti on and charac ter i za ti on of d i oxe tane ~~~ . Di oxe tane
j kP;V\j j~ ‘~ 

,t pj t, vtj v~rJvV\j ~ArtJ j V~Jv fJV~JVVv\t\JVv\A/VV\.,

was p re pared i n two steps from mes i tyl ox id e as outlined i n eq 1 and

detailed in the experimental sect ion . Reaction of rnesity l ox ide  w i t h

anhydrous hydrogen peroxide and l,3 -dibromo-5 ,5-dimethylhydantOin resulted

in an 80 yield of 4-bromo-?-hydroxy-3 ,5,5-trime thyl-1 ,2-dioxolane (
~~)

— •— ~. 
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Tu1~~ I 1~ 1 - 1 U~ J ~)J : - ;. ro ~~; u - e di t~~( i  i i d s 1~~~l - 2 U ~~~~r 5 .  dp l J  rni~ ing of a

di cn ioron~ thuae so:  A t  ~~~‘ L:~ nu A t u r e  o~ di a s to roo~:ers v~l Vi potas S i urn

ter t -~ s~~x i d e  ~t lO~ fo Howed y chro :a t~~u :pny at -
~~~~~ resul ted in a

9% yield of ,~uro 3. r irbon tet rachlor i  Jo or zco t n~ i tn le solut ions of

~ are essent ia l  iidef nile / s tab le  at — ~0”C i n  ~ :e (1~1r ~ - J-~Jt ~ i: i i tS C~
j

CH 
3 - ~~~, _~

r CI

C~~~~~~~~ 

r~~~~~~~ j  CH
3c ~~~~O 

-
+~~~~~~ ~~ CH~~~~~~~~~~ ( 1)

cry s ta l l i ze  •~~ w er e i~successfu l . The H NMP is c lea r ly consistent wi th

~ sh~w io~j one methine s in - ~1et (~ 4J~ ) a;id three !~eth~ l singlets (a 2.40,

1.73 , and n 1. 3~ . Carbon cetrachio nide solutions of dioxetane 3
H

rapidly cod quan ti ta t~veiy libera te i o d i n e  from isopropanol/H 20 solu ti ons

of Dotasslui i c 1~dc , in dic at ive of the n~~ox id i c nature of 3. The IR

absorption spe tr -n is a lso consist e nt  wi th  the st ructure assigned to

• havin q a ca rb-s n~ iroup absorpt on at 1725 cm~~. The UV absorption

spectru m is typical  o~ ot re r ~no~ l,2-d iox~ ta~es ° exhibi t ing a maximum

in carbon tetr cc hl ride at 290 mu with an e>~t i nct ion coeff ic ient  at the

maxi mu: i of b~ (M~~~ c n H) .  The tJV a bsoro t ion spectrum is broad and

structureless a::d ~xr :ib its a long wav e lengt h tail extendin g to ca. 450 nm.

Further c ha rac t c r iz t ion cf 3 was accom plished by reaction wit h triethyl-

pno~ J ;i te to fl~~JC w~~ rel~ ti vel y j ns r~ ble phosphorane 4 as shown in eq 2.

The • n ins , honare ~ ~- i~ .harac~~ri zed by its d20 ~-l~~z 
1H NMR spectrum. — - 

- — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘ - - • - -
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Il

(OE t)
CH 3~~~~~~~L~ + (EtO ) 3P 

Cd 4 

~~~~~~~~ 
(2)

Thermolysis of in base- w ashed glassware at room tempera ture proceeds

cleanl y to give acetone and methy iglyoxal as the only products (eq 3).

The ratio of acetone to methyiglyoxa l did not remain constant over the

I 
~ 

t ime period of the therma l decomposition becaus e of the instab ility

OCH~~~~‘- L ~---~~~ ‘--~. +
- -

~~~~~~~~~~~~~~ CH - HCH3 H 3 CH., CH 3 CH.) ii
‘) 0

of methylg lyoxa l under these conditions . Therefore , the rati o of the

amounts of acetone to methylglyoxa l (determined by NMR integration at

• various times over several half l ives )  forme d was extrapolated to zero

• reaction time . The ratio of the y ie ld of acetone to methylg lyoxa l was

found to be equal to one at low conversion .

2. Chemi luminescence from the thermolysis of ~~. All so lu t i ons of

were dist i l led before performi nq any chemi lumi nescence measurements .

The conce ntration of dioxetane in carbon tetrachloride solution was

determined by ‘H NMR . Concen trations of in acetonitrile were determi ned

by UV absorption at 350 nni . Analysis at 350 nm avoided potential inter-

ference from ace tone or met hylqlyoxa l a bsor pt ion s i nce acetone does not

absor b at 330 nm and the absor pti on s pec trum of rnethy lg iyoxa l has a

wlr ;ic in this ~~
- ‘ ic

— — —•~~~~~ -r 
~~~~~~~~~~~~~~~~~ ‘~~~~~~‘~~ ‘ ~~~~~~~~~~~~ -
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The thermolysis of 3 in a variety of solvents results in easily

detectable cheniiluuii ooscence . Shown in Figure 1 are emiss ion spectra

- ~ of the chemi luminescence during the therma l decomposition of in air-

satura ted and nitro gen-purged acetonitr ile. The fluorescence and

phosphorescence emissions observed in either carbon tetrachloride or

acetonitrile have maxima at 465 nur and 525 nm , respecti vely. The

spectra exhibit fi ne structure similar to those of photoe xc i ted biacety l

and agree well with the gas phase emission spectra for methylglyoxal

• reported by Coveleskie and Yardley .19 Hence , the emitting species formed

durin g the therruolysis was identified as electronically excite d methylglyox al.

There is rio readily detectable emission from excited state acetone

between 400 and 430 rim in nitrogen -purged acetonitril~ solutions of

The act ivat ion energy (Ea) for the thermal decompos ition of ,3 was

deternilned in carbon tetrach loride by two different techniques. First , the

rate of decomposition ol dioxetane 3 was determined at several temperatures

by n nitori ng t1iL decay of the chenulluminescence intensity resultinq from

met ry ~q lyoxa1 fluorescence . A standard Arrhenius plot of the derived fi rst-

order rate constants gave an act ivat ion energy of 26 .4 ± 1.0 kcal/mol and a

• preex ponent ial factor of io 14.2 (~H4 = 25.5 ± 1.0 kcal/mol , AS4 = 4.0 ± 2.0

• 
• eu). Second , the temperature dependence of the initial chemiluminescence

intens ity20 was used to determine the acti va ti on energy for the fracti on of

the total reaction which leads to chenii l umi nescence. A least squares analysis

of these da te gave an acti vation energy of 25.7 ± 1.0 kcal/mol . These

results indicate that the path leading to excited state methyiglyoxal and

that leading to ground state methylg lyoxa l have the same rate determining

step. These data are summarized in Table I.

~iiL .

“ 
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3. The nature of the excite d stetes from the therma l decomposition
- •~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j / i r j - r ~j j j p j i J j 1~JV~/ \f j v\iJ ~

of ,3 . The r i u t u r o  and yie~ds of exc i ted  state carbo ny l products result ing

from the therma l decomposition of dioxetane ~ were determined using both

indirect cru ri ’ ii l uminescence techni ques and a quariti tati ye chemi cal

trapping reaction . Thernua l decomposition of 3 in the presence of 9 ,10-

dibromoanthracene (DBA) in carbon tetrachioride or aceton itrile solution

results in emission from the fluorescent singlet state of DBA at 430 nm.

The dependence of the enhanced chemi lumi nescence intensi t ies (measured

at 430 nm in nitrogen-purged acetoni t r i le solut ion ) on the concentrat ion

of added DBA was found to follow a Stern-Volnier relationship. The intercept

• ~
• 

an d kq~ values a re given in Table II. The observed l i fe t i m e ~f the

exci ted state which is quenched by DBA (ca lcu lated frun the ~ntercept

• to slope ratio by assum ing a diffusion controlled rate of quenching by DBA

of 1 x 1010 t1~ sec~~) is 2 x 10 6 sec. Considerat ion of the four potential

excited state s that may resu lt from the therma l decomposition of dioxetane

3, (the singlet and triplet excited states of acetone and methy lglyoxa l )

suggests th ree thermodynamica lly feasible pathways for the formation of

the fi rst excite d singlet state of DBA . These reaction pathways are

presented in eq 4-6.

Si gnifi cantly , decomposit ion of dioxetane 3 in the presence of

3.5 x l0~~ M 9 ,lO -dipheny lanthrace ne (DPA) does not result in any

emission at 430 on: even though the quantum yield of fl iorescence of DPA

is approxima tely ten times that of DBA. 21 Thus , no detectable excited

acetone singlet is formed from the therma l decomp sition of dioxe tane

and direct singlet to singlet energy transfer from acetone sing let to

DBA , as i n eq 4, is ruled out as the mechanism for sensitizing the

I]

- 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~ — ~— - -- -—— -•---. -
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~1 • 

0
• Si k

+ OBA ET~~ DBA + (4)

P kTT

+ OBA ET DBA + )L.~..-H

ann i h i la tion ~l 0

2 DBA ——— OBA + DBA

TS0 k ~1 0
+ DBA OBA + (6 )

indirect chemi l uwinescence from DBA . Moreover , the microsecond lifetime

determined from the Stern-Volnuer sensitization data is consistent only

with trapping of a triplet excited state . Tri plet to triplet energy

transfer from exc i ted triplet methylg lyoxa l to the low-ly ing ; * triplet

of DBA (ET 
= 40.2 kcal/ rnol )22 followed by DBA triplet-triplet

annihilation to produce DBA singlet as in eq 5 is also not operational.

This is indicated by the absence of an emission fror’~ the fluorescent

• singlet state of tWA . DPA al so has a low enei- q, triplet excited state

• (E T = 40.9 kcal/mol )2~ approxima tely 15 kcal/mol below the l owest ~~~~

tri plet state of m et rylgl yoxa l 
~~ 

= ~~ kca l/ mo l) . ’9 Thus if the

ind irect che nil luminescence were from a tr iplet - t r ip le t  annihi lat ion

irr echanism as in eq 5, it would be expected to be most eff icient with

DPA because of its hig her quantum y ie ld of f luorescence. In light of

the absence of a f luorescent emission from tWA in the presence of

we t cons ide - pathway in eq 5 responsible for the generation

of singlet D~A.

_ _ _ _ _ _ _ _ _ _ _ _ _ _  ,• •-
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The rersai n i r l o ener qetic ally feasibl e route for production of the

first excited singlet of DBA duri n q the thermal decomposition of dioxetane

is triplet tc sinqlet energy transfer from triplet acetone to DBA as

is shown iii eq 6. It is we ll known that excited tr ip let carbooyl

compounds can transfer their excitation energy to DBA by a triplet to

singlet  energy transfer mechanism .23 ’24 Our results are cor i r i s ten t  with

this path for the exc i ta t ion of DBA . First , the 2 Jsec l i fet ime

calculated fronu the Stern-Voln ie r data is consistent wi th  that of

triplet acetone in nitrogen-purged acetonitri le. 25 Further , 9,10-

• diphenylanthracene (DPA ) is ca. 1000 times less efficient an acceptor

of triplet energy via the tri plet to singlet energy transfer process

than is DBA . Hence the lack of a detectable emission with DPA is

clearly understood. These results indica te that during the thernia l

decomposition of dioxet anr : ~~~, the excitation energy is partitioned

between the two fr-ac ~ -rent molecules , acetone and methy lqlyoxa l .

Confirmation that acetone excited tri p l ets are in deed forme d from

the thermolysis of dioxeta ne ~ in spite of the availability of the much
- • lower lying rrr chvt g lyoxal n i * triplet sta te was obtained through a

chemical tr ip oing reacti ri . The specific trapping reaction used was

the sens i t ized type ~ rcer - r-’angement of 4-methy l-4-pheny lcyclohexad ienone

• - • 26(4) to the two iso m ner ic lumi ke tones (z ~ and ~5) (eq 7) .  This

~~~~~~~

h

Me 
+ (7 )

• Me Ph 0

~ - -—-—~~~~~~~~~ -• 
~~~~~~~~ -~-~~~~~~~~~~ 2 2~ ’~ ~~ — —•- — —
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rearrangement is ideally suited for detection of acetone triplet from the

therma l decomposition of since the reaction is sensitized by hig h

energy triplets of carbony l compounds 27 and because the energy transfer

from tri plet methyiglyoxal to the lowest triplet state of the dienone

should be extremely inefficient. Thermal decomposition of dioxetane

in air saturated acetonitrile solution at 76°C in the presence of

concentrations of ~ ranging between 0.8 and 3.0 M resulted in formation

of the lumi ketone which was detected by gas chromatography. These

results are consistent only with the production of excited acetone

• triplets from the decomposition of the dissymmetric dioxetane

- 4. Yield of acetone triplet from the thermolysis of ~~. The
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

yield of triplet acetone from tetramethyldioxetane is now well

established to be ca. 30%.29 The yield of triplet acetone produced in

-- the therma l decomposit-ion of was therefore determined by direct

comparison with tetramethyldioxetane using two independent methods .

First, comparison was made between the total integrated l uminescence

intensi ties from the sensitized DBA emission measured at 430 nm 30

from both dioxetanes. The double reciprocal plots of chemilumi nescence

• intensity against DBA concentration for both dioxetanes were extrapolated

- to infinite DBA concentration . The kqT and intercept values from this

• analysis are listed in Table II . The total integrated li ght intensity

• at infinite OBA concentration for is (1.4 ± 0.5) x times that

for tetramethyldioxetane . Using the reported quantum efficiency for

; 
triplet acetone formation from tetramethyldioxetane,29 the triplet

acetone yield from is calculated to be (0.45 ± 0.20)%.

hIIII••.a
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Clearly there are two reaction pathways avai lable to the initially

produced excited triplet acetone. The fi rst invol ves diffusion out of

the solvent cage into the bulk solution. The alternative pa thway
• involves triplet to triplet energy transfer from exc ited triplet acetone

to the methyiglyoxal with which it is simultaneously produced (see

Fi gure 2). This energy transfer is exothermic by approximately 23

~ ~ 
kcal /mol and therefore its rate constant (k[1) is expected to be large .

The microsecond lifetime for the quenched species de termined from the OBA

Stern-Volmer sensit izat ion data indicates that the triplet acetone

yield we have measured i s that of acetone whi ch has esca ped the solvent

cage i n wh i ch it was generated. The detect ion of free or di ffused

triplet acetone by the indirect chemi luminescence of DBA suggests that

-
• 

the rate constant for diffusion (kdiff ) is at least competitive wi th the

• in-cage triplet to triplet energy transfer.

The acetone sensitized type A rearrangement of 4-methyl-4-phenyl-

cyclohexa di enone (
~~

) was used to measure the total yield of excite d

state acetone , i.e., the sum of the triplet acetone which diffuses out

• of the cage and that which energy transfers and appears as excited

trip le t methylgl yoxal . Di oxetane was thermol yzed i n acetonitr i le

solut i on in the presence of at concentra tions where on a sta ti stical

basis each molecule of dioxetane i s constantl y i n contac t w ith at least

one molecule of the dienone ~~~. The yield of the type A rearrangement

product , umiketone ~~~, was determined by gas chromatography .

Direct comparison of the yields of lumiketone from the thermolysis of

dioxe tane was made with those from the thermolysis of tetramethyl-

dioxeta ne under identical conditions. The absolute yield of triplet

_ _  • 
. 

~- • • • . •
-5 -~-•-- •.~ - 
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acetone from ~ was then calculated using the reported quantum efficiency

for acetone triplet formation from tetramethy ldioxe tane .29 The triplet

acetone yields thus dete rm i ned are reported in Table III. The yield of

tr iplet acetone determined by the chemical trap (0.46 ± O.l5)% is the

same, within experimental error , as that determined by the extrapolation

of the Stern-Vo l mner line to infinite 0134 concentration. Whether the

yield of triplet acetone determined by the chemical trap represents the

total yield of directly produced triplet acetone or the y ield of triplet

acetone which escapes the solvent cage is dependent on the relative mag-

• nitudes of the rate of energy transfer from triplet acetone to ~~~, the rate

of the type A rearrangement , and the rate of energy transfer from to

• methylg lyoxa 1 . These rate constants are represented in Fi gure 2 as k’ ET~ 
kr~

and k” ET. res pect i vely . The energy trans fer from tr ip le t acetone to the

di enone is exotherm i c by app rox i mately 10 kcal /mol and thus the rate

constant (k ’ ET ) for this reaction should be comparable to the rate constant 
•

of energy transfer from triplet acetone to rnethylglyoxal (k ET ). In fact ,

on the bas i s of Franck-Con don fac tors , one mi ght expect k’ ET to be larger

than k ET. The fate of the exc i tation enerqy , once it i s transferred to

the die none ~~~, depends on the ratio of the rate constant of the type A

rearrangement (k r ) to the ra te cons tant of back ener gy transfer to

the me thylglyoxal within the solvent cage (k” ET ). Pertinent to this

ques tion is the observation that the type A rearrangement of is not

quenched by 1.0 M pipery lene. 27 Thus , the rate constant for the type A

rearrangement (k r ) is greater than the rate constant for quenching (k g )

of the excited triplet dienone by piperylene , i .e., kr ~ 1 x 1010 
sec~

1

This observa tion implies that the rate of the type A rearrangement is

t

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ •
-~ 
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greater than the rate of energy transfer from 4 to methy ig lyoxal .  Further ,

the triplet acetone y ields showed little variatio n with the concentration

of di eno mu e 4~ in the range of 0.8 M to 3.0 M. Taken together , the

above findings suggest that ca. 0.46% is the total y ield of directly

produced triplet acetone. Available experimental techniques do not

allow us to further establish that the triplet acetone yield determined

by the chemical trap is the tota l yield of triplet acetone which has

- 
~~

- been formed during the rmnolysis of dioxetane 3.

5. Yie ld  of methylg lyoxal singlet from the therm nolysis of ~~. The
- 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• therma l decompos i ti on of in air satura ted benzene solution in the

- 
• 

presence of rubrene results in emission from the f i rst  exci ted singlet

state of rubrene. The dependence of the enhanced chemni l uminescence

intensit ies on the concentration of added rubrene was found to follow a

F Stern-Volmer re lat ionsh ip . 3’ Si nce the quenching studies were carried

out in air -saturated benzene , energy transfer from triplet species as

well as triplet-tri plet annihilation mechanisms for the formation

of rubrene sing let were precluded. Methylalyoxal singlet therefore is

implicated as the excited state responsible for the excitation of rubrene.

• Under identical conditions in air —saturated benzene solution , singlet

acetone formed from thermolysis of tetramethyldioxetane is observed to

- • transfer energy to rubrene forming rubrene excited singlet. Thus an -;

estima te of the yield of excited singlet rnethyl glyoxa l from the

thermolysis of •~3 can be obtained by comparison wi th the yield of

sing let excited acetone from tetramethyldioxetane. The double reciproca l

plots of total integrated chemi l uminescence intensity against rubrene

concentration for bo th dioxetanes were extrapolated to infinite

r: • ne cOnc c1 nt r 4 ~~ori . The intercepts and kqt values are l isted in

I,

• _ _ _ _ _
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• Table II. The lifetime s32 for the quenched species calculated from
p5

these Stern-Volmer sensitization data for tetramethyldioxetane and

dioxetane are consistent with those of acetone and methylglyoxal

singlets , respectively. The total integrated light intensity at

infinite rubrene concentration for is 7.8 ± 2 times that for tetra—

methyldioxetane. Using a va lue of 0.002 as the quantum yield of

formation of excited singlet acetone from tetramethyldioxetane ,33 the

excited singlet methyiglyoxal yield from is calculated to be (1.6 ±

• 0.8)%. The most significant source of error in this determination is

• associated with the variation in the reported absolute yield of singlet

acetone from the thermolysis of tetramethyldioxetane.

6. Total yield of excited states from the thermolysis of ,~~ . The
~~WW WW NVVWWVW N~WIWvvVvW IVWvWV~

total yield of excited states produced by the thermolysis of was

• determined relative to the yield of triplet excited acetone from

thermolysis of tetramethyldioxetane . Conversion of the triplet acetone

- • to methyiglyoxal triplet by a triplet to triplet energy transfer made

possible the direct comparison of the total integrated phosphorescence

intensities 34 from both dioxetanes (see Figure 3). Since the ratio of

the rate constant of intersystem crossing (kjsc) to the rate constant of

• fluorescence (kf) is known to be large for the nTr* excited states of

carbonyl containing compounds ,35 a direct comparison of intensities measures

the combined total yield of the excited triplet acetone, singlet

methyiglyoxal , and triplet methyiglyoxal ~see Figure 3). A Stern-

Volme r extrapolation to infinite methyiglyoxal concentration for

triplet acetone from tetramethyldioxetane could not be used since self-

quench i ng by methyiglyoxa l has been reported to be significant even in

the gas phase. 19 Therefore, the direct comparison of intensities was 



p5 
made at a single concentration of added methyiglyoxal. The efficiency

for the energy transfer from tripl et acetone to rnethylg Iyoxa l 
~~~~ 

was

calculated according to eq 8 where k
~T 

is the ra te constant for

• 
.

• exothern -mi c tr iplet to tr iplet energy transfer and k is the ra ted
constant for the unimolecu lar deac t ivat ion of t r iplet acetone . Using the

TTkET[methylglyoxal]

~~T TT (8)
• k~~[methylglyoxal ] + kd

experimentally determ ined 4.2 psec lifetime for tr iplet acetone in

nitrogen-purged acetonitrile and a rate constant for triplet to triplet

energy transfer of 1 x 10 10 M~ s~~ ,
36 the 

~ET 
at 4.0 x l0~~ M added

me thylglyoxa l was calcu lated to be equal to 0.94 . The total integrated

- •. phosphorescence intensity fronu ~ was 0 . 5 7  ± 0.10 times that for tetra-

methyldioxe tane after correction was ma de for the eff iciency of energy

transfer 
~~~~ 

The total exc i ted state yield for is thus (17 ± 3)%

based on an exc i ted triplet state yield from tetramethyldioxetane of 30%.

A summary of the yields and mul tip l ici ties of the exc i ted states

from the thermolysis of is given in Table IV .

.
~~ 

• •
~~~~4
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3-Acety l-4 ,4-dim nethyl -l ,2-dioxe turue (
~~

) occupies a unique posit ion

in the gamu t of var iously substituted 1 ,2—dioxetanes . The 3-acety l

substitue nt represents the first instan ce of an electron withdrawing

substituent on a 1 ,2-dioxetane . More importantly, its thermolysis is

the only known cht~:ii i l um n inesce ru t reaction which produces an ~-dicarbony l

compound exc i ted state.  Further , it is the f i rst dissymetric dioxetane

in which the par t i t io n ing of the exc itation energy be tween two dissin uilar

carbonyl con taining fra gments produced during the thermolysis has been

quant i ta t ive ly  determ ni ned .17e The sal ient features of the thermolysis

are the moderate efficiency (17 ± 3 - ) for form i ng exc i ted sta tes compared

to other dioxetanes ,2 the high yield of excited sing let methyig lyoxa l,

• and the observed low ratio of triplet to singlet exc i ted states of

- 
• methyig lyoxal (9 3). These features are best interpreted in terms

of a biradical decomposit ion pathway for dioxetane

Fi gure 4 i s an energy profi le for the suggested thermall y in duced

biradica l decomposition pathway for ~~. Benson group equivalent calculations 37

indicate the enthalpy of the net reaction of to form ground sta te products

(iH ) is Ca. —60 kcal /niol . Thus the transition state is estimated to

be ca. 86 kLal /mol above the ground state of the products by summation

of the experimentally determined act ivat ion energy (E a = 26.0 ± 1.0

T _ _  _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~ 
•
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ke i l / mim o l ) and the calculated e nthal py of react ion ( Fi r )
~ 

This es t imated

total exot f i e rm ic i  ty f rom the t ransi t ion state is suf f ic ient to produce

any of toe four potential n * excited states of the products , although

it is mmminm i nma l for th~ production of acetone sing let. No experimental

est imat e  of the aep t h of tee potential energy well for tne bi radi cal

intermediate (‘- E i ) o~- for the height of the ac t i va t ion  barrier for the

path leading from the biradica l to excit d sta te carbony l products (.tE 3)

is available. Goddard and Harding 13 have calculated that the transoid

4 •OCH2CH2O biradical from dioxetane lies 14 kcal/mo l above the ground

• state of dioxetane itself. They have also estimated the total energy H

difference sepa rating the l owest and highes t of the ei ght l owest energy

bir ad ical states to be on the order of 3 kcal/mol. If the depth of the

potentia l well fur the b irad ical intermediate from dioxetane ~ i s on the

order of several  kcal /rnol , then the ac t i va t ion  barrier leading from the

biradica l to singlet acetone may be considerable, thus su ggestin g a

reason for the lack of detectable sing let acetone from thermolysis of

In con t ras t , the activation barriers for those pathways leading to

exci ted tri plet acetone and exci ted s inglet  and tr iplet methy lglyoxal ,

all of which a~e observ ed from the ther molysis of ~~~, may be lower , since

there is suffici en t energy available in the biradical intermediate to

form these exci ted products .

-i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-~--nTh~~~~~~~~~~~
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The ra ti o of t r ip let  to s inglet  exc i ted meth y lq lyox a ] formed from

dioxe tane 3 is small compared to that from nearl y al l  other alky l

substituted dioxetanes w hich have been prepared. 2 This ra t io  for

dioxetane is ~ipproachi ng the s ta t i s t i ca l  limit of 3,indicat ing that

there is very l i t t l e  spin se lec t ion in the biradical intermediate . This

finding suggests that there is no predilection for formation of nlr* triplet

states due to a special shin-orbit coupling during the reaction.
9c

Ada manty lideneada nantane -l ,2-dioxetane is another case in point. The

• hi gh act ivat ion energ•y for the therma l decomposition (ca . 37 kcal/mol )~~~
places the transit ion state perhaps 10 kcal /mo l hi gher in energy than

ada nantanone exci ted sing let .  The experime n tal ly observed ratio of

tr ip~et to singlet adamnantanone from adamantylideneadamantane -l ,2-

dioxetane was 7.5. Thus the normally observed hi gh ratio of t r iplet

to s ing l et  exci ted states for l,2-dioxe tane deco m posit ions may be due

to the re la t ive pusit ionl ing of the energies of the excited states

and the transit ion state leading out of the biradical intermediate . For

tetrameth yldicx etane formati on of singlet acetone from the biradical

• requires si gnif cant ly more act ivat ion energy than formation of triplet

acetone . Thus a ni gh rat io of triplets to sing lets is expected. For

dioxetane 3 formation of both sing let and triplet methy l g lyoxa l from the

biradic al intermediate is exothermic. Thus there should not be a large

energy barrier to formation of either excited state . The much decreased

• triplet to singlet ratio from ~ compared to other di oxetarmes is a result

of this arrangement of sta tes . Howeve r , even in the cases of adamantylidene —

adamant ane-l ,2-dioxet ane and dioxeta ne 3. some selection for triplet

states is evidenced. These sm nai l selections may be accounted for by

~ L. 
~~~~~~~~~~~~~~~~ T ü i~~~~~---- - 
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geo metr ic or Franck-Condon factors or by some rmon equi l i br iu m~ part i t ioning

:~ 
among the ei ght av -~i able sta tes in the birad i ca l inter nmed iate . These

f indings do indicate that a special  m echanist ic feature is not needed

• to explain the large ratio of tr iplet to singlet excite d states formed

-. 
during the ther i lolysis of typical dioxetanes.

çi~n~pt~ i 
- •

~eri~ ç~ 1. All chem uilu m i nescence measurements were made using the

photon-counting technique . Light si gnals were detected with an
S

. EMI 9bl3B photomult ip l ier tube and spectra l resolut ion was obtained

w ith a Jarre l Ash 0.25 M mnonochromator. Constant cell temperature

was maintained to ~O.l°C within each run using a constant temperature

• circulating bath . Gas chro matographic a n h lyses were carried out using

a V a r i a n  Ae rc~rj raph Model 2700 chro matograph equipped with flame

ionizat ion detectors . NMh s t e c t r a  we re recorded on a Varian Associates

EM-390 inst~-u:~~n~ ~it 0 tetrame thylsilane as internal standard . JR

spectra were obtained w ith a Th-ki n -Elnme r ~
1odr 1 2378 grating infrare d

spectrophotonueter. UV absorption spectra were recorded either on a

- Perkin -El inar Mode l 202 or a Cary 1- ~ spectr a mm ie ter. Elemental analyses

were p r r f - ~rmue~ by tee Analyses Laboratory . Department of Chemistry ,

• University of Ilfln is , Urbana , I ll inois.

~~t~ r ia,j~~. Aceton itrile (Aldrich spectrophotometric grade ) was

fi rst dried by stirr ing ove r calc ium hydride and was then disti lled

from calc ium hydride through a 30 cmii Vigreux column . The f i rs t  l0~
of the distillate ~-ms discarded. Carbon tetrach loride (Malli nckrodt

spectrophotometric grade ) was photo lyzed through Pyre x for 3 hr in the

k- - --
— ..• • 

.

‘ • 
•• -~ 
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. 
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presen e of be r: s oeno ime  ~o p e i ~i s v  ~Os r ~ • (sf chs t r i tab le h- ~drogen , and

•vas then di st~ led through ~ 30 c~i V i qs e ux . O~ ~~ r i .  Lerizene (Burdick and

Jackso r m ) was sr~ken w i t h  •o nce mtrated su l f u r i c  acid , separate d , passed

through a basic ala j ina colunni , and then distilled.

• 
0 , lO — Dih m ’ omice ;  thrj ccne (DLY~) (Aldrich) was recry s ta l l ized from

acet ur i tril e 9,l O— 1 )iphe t, anthrac ene (DPA ) (Aldrich) was used without

furtfle r our i f icat ion . Rubrene (Aldr ich ) was chm -omatoqraphed on neutral

alumina us ing beoze ne as the e l oa nt . The :ur~fied rubrene was then

• recrystallized fr~~n benzene (Burdick and Ja c kson , pur i f ied as

• describe d above ) prior to use.

4_ Brena _ 3_ hy d~~x y_ 3 ,5,5_ trim ethyl _ l ,2-dioxo iane (~~~~
) .  Careful !

• c\/sf \ / ’ R J \ j \ / i ,  V~I \JJJ’ -•’~~-~~, ~~RJ j J j p p j rj /- - j~~~~~~~ HJ~

This compoun d has decom posed explosively or distillation. Anhydrous

ethereal H202 wus ~oe pu re 1  ry the addi tion ot anu y u~cus Na 2 SO 4 to a

solution o f 14 ml of 90~ H202 in 65 ~ol of ether under nitrogen . The

• solution we~ S t i r r e d  ma g ’ e t ic a l l j  at room temperature for 1/2 hr and

then decanted into a rou Li botto m f lask which had been flushed wi th

nitrogen. The vol o~e u s  r ide ed to ca. 40 ni by blowing dry nitrogen

over the ether solution. The so~ution was cooled to -6 0CC and 7.0 g

(71.3 mmol) of rimes ity l oxide in 10 nil of ether was chen added dropwise.

1 ,3-Dibrom no-5 ,5-d inethy lhydantoin (10.2 c , 35.6 mmo l. J. 1. Baker ) was

added slowly to the react ion solut ion wi th v iqurou~ st irr ina The

I resulting mi~ tc~ e was warmed to roo r ~~n oern~ ure ao l  st~ rred an additiona l

30 mm . The reaction mixt ure was washed w i th  seven 20- ~ ml portions

of saturate d - m 1 U H O S  K~C0 . The wat e r f ract ions were back extracted£ 3
with ether. The e~her extracts were cornb i ned , dried over anhydrous

M mSO4, ffl te red , and tOen oe ent~’e ted in va~ ue .

• F

H
~~~~~~~~~~~~~~ 
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,u • u is t i l l a t i on  ‘~~ tee liquid y~L~1Jed 11 . g (bp 7l~ 75cC at

• 2 turn , 404 ) of ~i 0 :  ~40 ni  •.tu ~’i of m e  diast ereomers (basi:d on NMR

i mi t~ r~~t i O f l  of th e set hir i e u n t e m i s )  of the I ,2—dioxol ane ?. lodomet ric
• ti tr a t iu r m src ~:d an active ox:. cmi cont ent of (7.4 ± (

~.2 )% (average of

two trials ) . ~o - , S 4 . 35  ( s .  1 H),  4. 10 (s , 1 H) ,  3.75 (broad ,

exc hano e ble w i th  D~
t) , 2 H) ,  I .e . .55 , ned 1.~~ (ser ies  of s im uglets ,

18 H)~ J R ~CLl , )  37 1w , 13% , 1300 , arid 880 cm ’; mass spectrum (70 ev)

m/e (re l intensity ) 212 , 2 0  ( 7 ) ,  170 (4 8 ) ,  177 , 136 (70) , l3~ , 111

(12 ) , 108 (10), oo ( 100).

• ~na1 . C a ic d  for C H 11 0 ,Br: C , 34 .14; 0 , 5.25;  m
~r , 37.86. Found:

• ~~~~~~~~H 40. D 0~C , i - . ’u , ii , J . 4 J J , U) , 0 , .

•~-A ces l -1 , -~•o t rue urv i  - i  ,2 - i lm o x etan e ( 3 ) .  To a so lu t ion o~ 2L~ mg
~~~~~~~~ - i ’ 1 JJj ~~f\)V~~ jV~ - H • • /~’ •~HJ - •

(4 .19 mmo l ) of 1-O vum :- 3-h y drox -v -3 5 ,3--or inme thyl— 1 ,2-dioxolane (
~~ ) in

-

• 
• 35 ml of CH ? C1 2 at l2~C wa s added 509 nmy (4.54 moo ) of notoss ium

tert— sitoxi ci e . In ~m xLo ’e  ias st i  rred v • 10 rsis l y at 12°C for 3 mm

and t herm suct i un f i He re c threurr h a coarse fri t sinte red glass funnel.

The f i ltv n t~ we oonceu~: ted iii v ncu u to Ca. 2 m l  and 3 m l  of cold

pentane w as adCCIJ . The resul t i  no so lut i  fl ea s transferred to a jacketed

• chroma tography col er m containing 17 g s i l i ca  gel at -22 C. The yel low

band se te the d i o x e t a r e  was e1u~ed vn th 3 et hOl  in pentane . The

ch erniluminescer :e w us o~ ed to monitor tee chromato graphy . The fractions

containing d io~ ~aoe J lure s ear te ly concentrat ed in vacuo , combined ,

• d i luted w i t h  ice c o d  CC 1 4 and reconce nt ated in vacuo until the

rena l ning pem m~ mu wut :  re,ruvod ( N MR) . Thu CC1 4 so lut ion bid5 bulb to

bulb di~ t i lle~ o~ 2 x 10~~ mm after 4 freeze-pump-thaw cycles. The

d i s t i l l e d  CC 1 4 s o o t  iO~ -w as se e n concentrated in va cuo to remnove acetone

— --~~~~~~~~ 
~~~~~~~~ ~~~~~~~~~~~ 
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ann :sstL; 4’ I H , xal ri d cit uted no 10 m l  i m j us~ CO ld 701 4 . The

1~~ln S O H t l  IN 0 5 in~ te m i m m n e d  to H 0.031 M b. NMR (40 mmn g , 7.3 ).

i r e  co:~ L I  ra Li  :n:  w e  a l s o  do ‘ur : ’ men i oH me t ci cal ly. A 0 .4 nil

a] lc i uut a t  3 in CCI~ was ode s: to 1 so~ u Lam consis t ing of 5 n-i l of

c i t r i c m~ id/ t o - - ~anol un 0. 5 ml of ~I/Na 2 C0 3~
8 under n i t r :qen .

T i t ra t ion  ~ toe s a u m i e  w r t e r  S w in i n t o  0.0 1 N ~- G u ~~ura th iosul fa te to
•

• a cThar I d  1 int qi vu c i •err t r at iu p of e .O23 - 0.002 0 (~ C~ ).

• A cet m m l t r m  Ic s e a  O!, cc ~ o r - O rLO a re I us above exce pt for the

fo l l ow i n~ modi f ic~;ti onm: - . The pa nto ne/ ether sol ution of from the

chroimiate ra ph lOIS C~~~r - ~~~~~~~ t t  i t e d  in ewe 0 ,  di luted wi Ci 103 014 c r0

then reconcen s ratvd in vacuo to remove t y e  omm i n ning p enL ~~~e/ et 1 er

- • (d i CI :-n” in- . -d ~~/ ~~~L ~ ‘ar
3~~ 

sol ut ion ~t 3 sas mee bulL to bulb

d is t i l l e d  at x 0 ° “rn ~Cter 3 f n-ee ’e - ownmr p-th ~ a c y c l e s .  T i e  d i s t i l l ed

so1~ t ion of 3 u-i s dried 5! uOr ii trolon ri th a r i d, ou~ K C 0  , concentrated
• -, •: a

in vac uo to C ( O Y C  aceto ne -ann me t t i y l ; i uxi l  ~r d  0: l ac ed  to known volume

w i t h  0-I1CN. Y i e l d  9 .4  004 (~~ r i )  ~ 4 .93 (s , I H) , 2.40 (s , 3 H),  1.73

(s , 3 H),  1 .32 (s , 3 H) :  :4 (Cd 4 ) 1725 , 1315 , 1301- , 1155 cm~ uv

290 (
~~ 

= 54 ) , dilL iii (17’ ; \(90 00
3
4010 Cc ~4 ) 350 nm (c = 15).

4 -A e t ’ 5 ,o - d i r n e t L t l - 2 ,1,2- t r i e th ex y -1 ,3 .2-d ioxa o hospholane (4 ) .
JJlffJ~~~jlfjJ ~,, vC )\ - - f \  • uvvO~~ Riv~ • 

- - -

To ~ 1 ml a i luot of di Cxeta-’e 3 (0 0385 0, CC 1~ , 0.0385 m o d  ) a t  0°C

under nitrogen was c- I 2 0  6.5 ~1 (0 .038 mmoi) of (EtU) 3P which had been

d i s t i l l e d  av e r  s u d i i i l  The mix t ure  was stirred vigorously at 0°C for

7 ruin . T u e  phoepho ir ie 4 Wa S re la t i v e iy  stable in solut ion at room

tei reraturc under ii tr i~~~m m  ~ / 2 > 10 or at 23 °C ) but the Cd 4 could

no~ de - - r ved , e i the r  by co nce mm t ra t ~ i i  v ic c o or by passing dry

nitr ’ , - 
- uve’- the s’ c t  - o n m ix tJ re , wi Lout decomposit ion. The NMR
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sue : tm - o r : of tIme react i- n : mixt ure indicated the presence of acetone ,

tri et k:~ lphos 1i-ha L and he l~~o s l ho 1an e -‘ . 22tJ MHz StiR (CC ] 4 ) a 3.86

(mu , 
~ 

0 PH 
= 1.0 Hz , 6 II), 3.07 (s , 1 H) ,  1.39 (s , 3 H) , l. lo

(sextet , 3H La 0’ , = 1. 0 Hz, 9 H), 1.02 (s, 3 H).

~~thy ~~~~~~ ~7-o pr9Rprm~ fl. Methy lo lyoxal  w as prepared by a

r u u dl f iC0 t iO fi I~~f t he  ~rucedure of Co ve lesk ie  a d  Y a rd le v H 9  Methy lglyoxal

(40 aqueous so lu t io n ) ;~a S obta i ’ e d  from A ldr ich  Chemical Lu. The

sanmple was fi rst conic :ntrated by removal of t h e  wa ta r  by vacuum

dist i l la t ion (25~ 30uC , 0 ,5 rim). The thick brown residue which rema i ned

was heated to 170 0 at 0.5 m im i . The vapor was first pds sed throu gh a

trap coaled to -50°C and ther m through drieri te at room tem perature to

remove ~4ater vapor and less vo lat i le  components . Last ly,  the methyl-

glyoxal was co 1lec ~ed in a t rat ,  cooled to -196°C. The r’othylglyoxal

was stored under nitrogen at -l%~ C until used . NOR spectra showed no

trace of qlyoxa i. hiacety l or oth er impurities. NMR (Cd 4) 
‘
~ 9.07

(s , 1 H) ,  2.25 (s , 3 r i ) .  Solut ions of mneth yl qlyoxa l i n CH3CN or CC1 4
w e e  prepared at 0Th arid stored it  - 2 0 - C  unti l crud . All  luminescence

measure ments using methylglyoxa l were made within 6 hr of its preparation.

6-Methy i-endo-6~~~eny ib icyc lo~ 3 . l .0 ] hex - 3- en-2 - one (~5 ) .  The
‘ jV\ijJV’j Vi IJ 01 r,jv J’; r ,‘if J e’ f’fij .fiii jlj L (‘I - - , -~ • -  ~[i ~ - /

lum iketone (5) was p~-e ared according to the procedure of Zimme rman

et_al. 27 with the following modifications. A nitrogen purged solution of

4-methy l-4-phenmy 1 oy v lo m a~ad icri one (275 mg, 1.49 mriol) in 350 ml of

ace tone ({iurdich ~r d Jeckso mi , listilled in g lass) was irradiated for

2 hr throug h quart z us in s low oressure me rcur y lamps in a Rayonet. The

so lvent was reoa v e  i n vacuo to a ive 250 mug o~ a clear oi l .  The crude

~~~~~~~ •
~~~~~ : 
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I-h r-to l y n n t u  was di iused w i t h  Cdl , and extracted with 10;: aqueous NaOH .

O rc pa ra t i  yr  gas cOron a t r : ra phy  (0.25 in ~ 8 f t . 8. 4:- SE-30 , 1 70 C)

y ie lded irma terial w h~~t NOL spectrum was consistent w i th  that previously

reported for  6 -tne thy l-e ndo-6-pheny 1hicyc lo[3 . l .0]he.~-3-en-2-one (k ) .

Chemical Trap of Triplet Acet one from Dioxetane ~ with 4-Me thy l-
‘

- -~J~/\J\r!,,~~ JL--\~~~
- ei/- ‘jO , \,V’I’jIj j

~~~~J\ V , / \ , ; J~~’~~~~~\ j\J~~ / , ,O/ - ~ • - ‘ ~- (~ l~~’~ ~~~~~~~~~~
4 -phenyl nycl o hexadie nunse (4 ) .  Solutions of dioxe tane ~t or tetran me thyl-

- - - - 
- 

- - V ~~~-‘

d io > o t an i ra  ar id 4- me t rm yl—4-ph e ny lcyclohc’ xadienone (4)  in acetonitr i le

were prepared in 5 mnim od. ca p i l la ry  test tubes w i th  hipheny l as an

internal standard . The concentra t ions of tetra methyldioxetane and

dioxetane ~~, 
ranged between 0.15 M ari d 0.29 N . The concentrations of

4-me thy l-4-phe ny icyclohexa d ienone (4) ranged between 1.7 M and 3.0 M.

Cur rcc t i ) m rs to the concentrat ions we re made for the ~u1un~ change

upon d issolut ion of the dienone 4 in CH3CN. The tubes were sea l ed

and hea ted at 72 -761 for 3.5 hr. An alysis for lumiketone ~ was made

by gas ch momra toq r a; n .y 0.125 in x 6 ft, SE-30 on Chrom Q at 170°C) .

The results are shuwmr in Table III.
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Yield of triplet excited acetone from the thermolysis of

dioxetane determined by the chemical trap with 4-rnethyl-4-phenyl-

cyclohe xadienone (i).

r 0 b
Temperature I Yield

Dioxe tane ~ 1a (°C) [cH~ Ph ~*3

1140 0.203 M 76 .0 1.48 M 3029

0. 204 M 76 .0 1.39 M O.5l~

0.203 M 76 .0 1.41 M

TMD 0.170 M 72.0 1.54 M 3029

0. 227 M 72.0 0.77 M

0.136 M 72.0 3.01 M O.46~

C aA ll determinations were made in CH3CN. 
bTh molar concentrations are

corrected for the solution volume change upon dissolution in CH3CN. 
cyjelds

were determi ned by monitoring the yield of lumiketone from both dioxetanes

by gas chromatography with biphenyl as internal standard . 
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Exc i ted state product yields and multip licities from the

thermo lysis of dioxetane

______- 

)L
(

H*

17 3~ 0.45 0.20% 1.6 ~ 0.5% 15 ±

a y ield represents the difference between the tota l yield

of excited sta tes and the sum of the triplet acetone and

sing let me thyig lyoxal yields .
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Captions for Fi gures

Chemi lunin inescence emission s pect na for dioxet ane ,% in

acetonitr ile solution a. fluorescence b. phosphorescence.

ri~ urt’ ~~. Pathways for energy transfe r in the thermolys is of dioxe tane

in the presence of 4-n~methyl - -4-phen y lcyc 1ohexadien one (4~) .

~~~~~~ Kinetic pa thways for the therniolysis of tetramethyl dioxetane

and dioxetane ~ in the presence of meth ylg lyoxal .

Fj gçnr e ~,’~. Energy prof i le for the thermally induced decomposit ion of

d ioxetane 3.
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CH3CN

0 Ph

• CH3 Ph 
5

CH3CN 4 CH3CN

0*3 0 *1,3

JL.. k ET 
— 

kdlff

CH3 CH3 CF-i3

C 

I~~~~~\ A
0—o p

CH3 J j
~
JL

H
j  

CF-I3 H

/ 3

I CH3CN

*3)
~ -

~~~~~~~
—-

~~~~~ I~~LCH3CH3 CH3

OH 3 Ph
5

1 imn r -~~

h~~ ~~~~~~~~~~~~~~~~~~~~~ .
~~~~~



- 
39

h

- L. QiO
- - 

£.~~~~
4-—O~~~C. .c

o~~=o

- I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  

t~,i



- 

40

0 0
E E

—C.-

c_’ o
C .

~~~ -~~~
U’) U~)

— - (0 U’) iio 0
E E
‘—C. -

— 
0

~~~ - 
-c ‘—-—-- -— ~~~~~~~~~~~

.— 0
C. -~~~ -~~~

~
3. aD / /
O~
) N / ,

/

- 

:~ 

~
“ i~iii 

III IlJ Iij’< -I
~:ZJ -:

,‘ Lti I

I I

I I

I 
_ _  

\~~~~ . . / 
_ _ _ _ _  _ _ _  _ _ __ _  — — 

•.~~~~~~~~
——- —

I ~~~~I E I /~~~‘
I / 

•
~- _9

I /
U c~ Ci

—
C..-

0

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~ _-_~~ - _ =~~. — ~~~~~~~~~~~~~~~~~~~~~~~ ~~
—..--— -- -‘-——- — - ‘  — 

~
__-, —C-.——



I-.

- TECHNICAL REPORT DISTR IFJTI ON LIST

No. Copies . 
No. Copies

— Orfice of Naval Research Defense Documentation Center
- 

- - l ic~ tc:r , V irginia 222 17 Building 5, Cameron Station
httn : Code 472 2 Alexandri a) Virginia 

- 
22314 12

~C-I~1iC~ of t~ival Research U.S. Army Research Office
Arii~ j to , Vi rc :inic 22217 P.O. Box 12211
i-~ tn: Code 1021P 1 6 Research Triangle Park , N.C. 27709

Attn : CRD-A.A-IP
O~R Branch Off ice
535 S. Cl cm k Street Naval Ocean Syste ms Center
(;~ 1cago , Illinois 60605 San D ego , California 92152
Attn : Dr. Jerry Sm ith 1 Attn : Mr. Joe McCartney

- ‘
- C —~R Branch Off ic e

715 Dro~c~-~ay
!-,ew Yor k , ~ w York 10003 Naval Wea pons Center
Attn : Scic;it lf i c D~pt. 1 China Lake , California 93555

Attn : Head , Chemistry Division
ONR Branch Off ice
1030 Ea:: t Green Street Naval Civil Engineering Laboratory
Pasadena , Califo rnia 91106 Port Hueneme , California 93041
I~tn. Dr. R. 3. Marcus 1 Attn : Mr. W . S. Haynes

0N~ Branch Offi ce Professor 0. Heinz
760 ~arket Street, Rm. 447 Dapartmant of Physics & Chemistry
San Francisco , California 94102 Naval Postgraduate School
Attn : Dr. P. A. Miller 1 Monterey , California 93940 ‘1

ONR Branch Offi ce Dr. A. L. Slafkosky
495 Su~~ar Street Scientifi c Advisor

• Boston , ~<assachusetts 02210 Corr~mandant of the Marine Corps (Code RD—I )Attn: Dr. L. H. Peebles 1 Washington , D.C. 20380

D i rector , Naval Research Laboratory Office of Naval Research
W ashin gton , D.C. 20390 Arlington , Virginia 22217
Attn : Code 6100 1 Attn : Dr. Richard S. Miller

The Asst. Secretary of the Navy (R&D)
Departm2nt of the Navy
Room 4E7 3~ , Pentagon

-~ sh 1r~~cai , D.C. 20350 1

Cor ~mamyJe r, Naval Air Systems Coninand
~

-
~ r&rt~~~n~ of the N.IV Y
Wash in ’r t~ r , D.C. ?O~~0Attp : Coca 310C (H. Hosenwasser) 1

~~~~ ~~~~~~~ ~~~~~~~~~~ C.~~~~’~~~~ — ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ CC-~~~~~~~~~~~~~~ C.~~~~~~~~~~~~~~~~~ C - C ’~~~~~ ~~~=~~=IUUI~UIUU4



TECHNICAL REPORT DISTRIBUTIO N LIST

No. Copic- s No. Copies

Dr. M. A. El-Sayed 
-

Univers ity of California ~~4ver -i-.t~ —o#—I-l-1--i~~~i-Depart~1ant of Cnemistry £hemi-~try—- Depcrti~~
-~ 

- Los Ange les , California 90024 1 ~~~~~~~~~~~~~~~~~
Dr. M. W . Windsor Dr. E. M. Eyring
W as hington State University Univers ity of Utah

C Dapar~~~rt of Chem istry Department of Chamistry
Pullman, W ash i ngton 99163 1 Salt Lake ..City , Utah

I Dr. E. R. Bernstein Dr. A. Adamson
Colorado State Univers ity University of Southern California
Dzpartnari t of Chemistry Department of Chemistry
Fort Collins , Colorado 80521 1 Los Angeles , California 90007

Dr. C. A. Heller Dr. M. S. Wrighton
Naval Weapons Center Massachusetts Institute of Technology
Code 6059 Department of Chemistry
Ch - na Lake , Cal i fo rn ia  93555 1 Cambr idge , Massachusetts 02139

Dr. t~. H. Chisho lm Dr. M. Rauhut
Princeton Un ivers ity Ameri cati Cyanamid Company
Dcparcr ~ent of Chemistry Chemi c~l Research Div i s ion
Princeton , New Jers ey 08540 1 Bound Brook , New Jersey 08805

Dr. J. R. MacDonald
Naval Research Laboratory
Chemistry Division

• Code 6110
W ashington , D.C. 20375 1


